Galaxy mergers and gas accretion from the cosmic web drove the growth of galaxies and their central black holes at early epochs. We report spectroscopic imaging of a multiple merger event in the most luminous known galaxy, WISE J224607.56−052634.9 (W2246−0526), a dust-obscured quasar at redshift 4.6, 1.3 billion years after the Big Bang. Far-infrared dust continuum observations show three galaxy companions around W2246−0526 with disturbed morphologies, connected by streams of dust likely produced by the dynamical interaction. The detection of tidal dusty bridges shows that W2246−0526 is accreting its neighbors, suggesting that merger activity may be a dominant mechanism through which the most luminous galaxies simultaneously obscure and feed their central supermassive black holes.
S
tructure formation in the early Universe proceeded through the hierarchical assembly of dark matter haloes and the galaxies they host, with the densest structures collapsing first (1) . During the periods of most intense accretion and growth, galaxies and their central supermassive black holes (SMBHs) are expected to be obscured by interstellar gas and dust (2) . The obscuring material absorbs the ultraviolet and optical light from stars and the active galactic nucleus (AGN) powered by the SMBH and re-emits it in the infrared (2).
The Wide-field Infrared Survey Explorer (WISE) (3) space telescope studied the formation and evolution of galaxies in the high-redshift Universe. A population of hyperluminous obscured quasars were found at redshifts ≳2, with bolometric luminosities L bol ≳ 10 13 L ⊙ (4, 5) , where L bol is the luminosity integrated across the entire electromagnetic spectrum, and L ⊙ is the luminosity of the Sun. Known as hot, dust-obscured galaxies (hot DOGs), these systems are mainly powered by accretion onto their central SMBHs, which may be radiating close to the limit allowed by their own gravity (6) . The dominant mechanism supplying the material necessary to sustain such high luminosities remains unknown. Rapid growth of galaxies and SMBHs can be accomplished via galaxy mergers, which would effectively funnel low angular momentum gas into the central AGN (7, 8) . If hot DOGs form in overdense environments, merger-driven instabilities could deliver large amounts of gas and dust to the galaxy. However, there is only indirect, statistical evidence that this is the case. Combined observations of 10 hot DOGs at 850 mm reveal more than twice as many sources within 1.5 arc min as in random fields (9) , and shallow nearinfrared (NIR) images show that the number density of red sources within 1 arc min of hot DOGs is, on average, higher than that of field galaxies (10) . In submillimeter observations of 10 hot DOGs, the cumulative number counts of companion sources also support dense environments around hot DOGs (11) . However, the morphological evidence for dynamical interactions in individual systems remains elusive, and observations obtained with the Hubble Space Telescope (HST) of a sample of hot DOGs at redshift z~2 have yielded ambiguous results (12, 13) .
With L bol = 3. (15) . The line profile shows a uniform, large-velocity dispersion, with a fullwidth at half-maximum (FWHM) of~500 to 600 km s −1 across the whole galaxy where emission is detected (~2.5 kpc) (16) . This suggests a highly turbulent interstellar medium (ISM), likely resulting from the energy and momentum injected by the central SMBH into the surrounding gas. The [C II] observations had also shown two nearby companion galaxies to W2246−0526 (16) . We detected a third companion in a blind search for emission line sources in the data cube, which we confirmed via its Lyman-a emission line in an optical spectrum obtained with the Keck telescope (15) . The star-formation rates (SFRs) of the companions based on their [C II] luminosities are at least 7 to 27 solar mass (M ⊙ ) year −1 (15) . Other recent studies have also identified companion galaxies close to unobscured high-redshift quasars. ALMA [C II] observations of luminous quasars at z~4.8 and >6 (17, 18) show that a large fraction of them are accompanied by actively star-forming galaxies at projected distances <100 kpc and within radial velocities ≲600 km s
. However, there were no direct morphological signatures that show dynamical interaction between the companion galaxies and central source.
We present deep ALMA observations of the dust continuum emission at rest frame 212 mm in W2246−0526 at an angular resolution of 0.5 arc sec, which is equivalent to~3.3 kpc at that distance (15) . The dust continuum map shown in Fig. 1 reveals bridges of material connecting the central galaxy to the companions, which we denote C1, C2, and C3. The detection of dust indicates that the gas associated with these structures has been already enriched with elements heavier than hydrogen or helium and is thus not primordial. C2 has a stream of dust extending like a tidal tail all the way to W2246-0526, over at least 35 kpc. One of the densest regions in this structure, denoted K1 and located~1.5 arc sec northwest of C2 (Fig. 1) , has a counterpart identified in rest-frame near ultraviolet (UV) emission (Fig. 2) . The UV image was obtained with the HST by using the NIR F160W filter and was previously analyzed in (16) . The detection of the UV counterpart suggests that at least a fraction of the dust in the tidal tail could be heated through in situ star formation (15) . Low-surfacebrightness dust emission south of C3 is coincident with strong UV emission seen in the HST image as well (denoted U1) (Fig. 2) , although this source could be at a different redshift because it is not detected in [C II] line emission. Two more sources with unknown redshifts (U2 and U3) are also identified 6 arc sec to the northwest and 8.5 arc sec to the southwest of W2246−0526, respectively, in the HST image.
The detection of streams of dust emission on such large physical scales suggests that W2246-0526 is in the process of accreting its neighbors-or at least stripping a large fraction of their gasand provides evidence that (i) merger activity is taking place and (ii) the entire system may be undergoing a morphological transformation. Gas and dust accretion triggered by galaxy mergers can provide strong, yet probably intermittent, influx of material toward the nuclei of high-redshift hyperluminous galaxies, simultaneously feeding and obscuring their SMBHs.
We performed additional observations with the Karl G. Jansky Very Large Array (VLA) of the J = 2 → 1 transition line of carbon monoxide (CO) in W2246−0526, where J is the rotational quantum number (15) . The luminosity of low-J transitions of the CO molecule is regularly used as a proxy for the cold molecular gas content of galaxies. In Fig. 3 , we compare the CO(2→1) line map with contours of the 212 mm dust continuum. The CO(2→1) emission is marginally resolved (the beam FWHM is 2.47 by 2.01 arc sec, which is equivalent to~16 by 13 kpc), with tentative lowsurface-brightness regions extending toward the companion C3 and in the direction of the tidal tail. The FWHM of the CO line in the central beam is~600 km s −1 , which is similar to that of the [C II] line ( fig. S3) (16) , suggesting that the cold molecular gas phase of the ISM traced by CO in W2246-0526 is also very turbulent and probably affected by the strong feedback from the AGN on scales of at least a few kiloparsecs.
The dust mass in W2246−0526 alone (within the central 1 arc sec~7 kpc) is in the range of 5.6 × 10 8 to 17 × 10 8 M ⊙ (assuming a dust temperature of 100 to 50 K) (15) . This is similar to the total dust mass content of dusty ultraluminous infrared galaxies (ULIRGs) in the nearby Universe, which span a range between~10 8 and 10 9 M ⊙ (although W2246−0526 is 100 times more luminous) (19) . The rest of the systemincluding the companion galaxies C1, C2, and C3 and the extended emission-contains at least as much dust as W2246−0526 alone (table S1). The three companions contribute~25% of the dust mass outside W2246−0526 and~13% of the entire merger system. U2 and U3 are not included in this calculation because they may not be part of the system. The tidal tail contains almost as much dust as the sum of that of all three companion galaxies. Assuming that the dust and gas are well mixed and a standard gas-to-dust ratio (d GDR ) that is typical of local, solar-metallicity galaxies (20) , d GDR = 100, W2246−0526 harbors a total gas mass (M gas ) reservoir of~0.6 × 10 11 to 1.7 × 10 11 M ⊙ , with the entire system containing M gas1 .2 × 10 11 to 3.6 × 10 11 M ⊙ . The total molecular gas mass estimated from the CO(2→1) line is 1.5 (± 0.8) × 10 11 M ⊙ (15), which is in agreement with the estimate from the dust.
On the basis of the [C II] kinematics, we calculated the dynamical mass (M dyn ) of W2246−0526 to be~0.8 (± 0.4) × 10 11 M ⊙ , which is within a factor of~2 of the baryonic mass of the galaxy (15) , which is similar to observations of some compact galaxies at z~2 (21). The dynamical mass favors the lower bound of the dust-based gas estimate (15) , which is as expected if most of the dust within the central core of W2246−0526 (within a few kiloparsecs) is being heated to temperatures >100 K because of its closer proximity to the central AGN.
The M gas and stellar mass (M ★ ) in the W2246− 0526 merger system imply a baryonic gas fraction f gas~0 .3 to 0.6 [where f gas = M gas /(M ★ + M gas )], which is lower than the value expected for most galaxies at similar redshifts (22) . The SFR within the central~4 arc sec is estimated to bẽ 560
, with a factor of two uncertainty (15) . This translates into a specific SFR (SSFR; the star formation rate divided by the stellar mass) of~2.2 billion year −1 , which is equivalent to a mass doubling-time of~450 million years, both with an uncertainty of a factor of three. The derived SSFR is only slightly lower than that of main-sequence galaxies at redshifts of 3.5 to 5 (22, 23) . However, the gas depletion time scale is only~125 million to 700 million years (15) , which is between main-sequence and starburst galaxies at approximately the same redshift (22) . The free-fall time of the gas in the system is~100 million to 170 million years (15) , which is at least an order of magnitude larger than the active period of hyperluminous quasars (24) and suggests that the hot DOG phase is shorter than the dynamical time scale of the merger. On the basis of the M gas of the tidal tail and companion galaxies, the average accretion rate of gas toward the center of W2246−0526 could be as high as dM gas /dt~550 to 900 M ⊙ year −1 (15), which is similar to the estimated SFR of the underlying galaxy. The color bar shows the near-UV flux density on a logarithmic scale. The emission at the top left corner is from a lowredshift foreground galaxy. The companion galaxies C1, C2, and C3 are detected in both the dust continuum and near-UV emission, as are the sources with unknown redshifts (U1, U2, and U3) and the tidal tail knot (K1). We interpret these results as showing that merger-driven accretion of neighbor galaxies can be a catalytic mechanism that simultaneously (i) obscures the central SMBH in W2246−0526 under large columns of dust and gas and (ii) provides the intermittent, large-scale influx of material needed to generate its extreme luminosity and maintain star formation in the host galaxy, which would otherwise quickly deplete its gas reservoir. The energetic AGN feedback resulting from this accretion is likely responsible for maintaining the turbulence of the gas at the center of W2246−0526. Slow, nearly isotropic ISM outflows on scales of a few kiloparsecs can coexist with the accretion of material stripped from in-falling galaxies at larger scales (even if the companions themselves may only fly by), which can be funneled efficiently into the central AGN through collimated, filamentary structures (25) (26) (27) . If W2246−0526 is representative of the hot DOG population, our results suggest that hyperluminous obscured quasars may be interacting systems, the result of ongoing merger-driven peaks of SMBH accretion and massive galaxy assembly in the early Universe. 
